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After 25 years of successful control through immunization, respiratory infections due to adenoviruses have

reemerged to threaten the health of young adults in the military. Shortly after the loss of adenovirus vaccine

supplies, a large outbreak of respiratory illness was observed at the United States Navy's sole basic training

center. Laboratory testing confirmed 541 cases of adenovirus infection, including 378 cases due to serotype 7
and 132 cases due to serotype 3. This outbreak was remarkable because of its unique serotype distribution
and the large amount of data available to describe demographic factors associated with infection. This was
the largest outbreak of respiratory illness due to adenovirus types 7 and 3 documented in recent history, and
it portends even greater challenges for young adults in the military in the postvaccine era.

The US military has long had concern about the impact adenovirus serotypes 4 and 7 essentially prevented ad-
of respiratory disease on the health and readiness of its enovirus outbreaks in military basic training centers,
service members [1, 2]. Military recruits appear to be beginning with their routine use in 1971 [7]. In 1995,
especially vulnerable to respiratory infections, possibly the sole manufacturer of the adenovirus vaccines ceased
because of the crowding and the physical and psycho- production, and the US military limited the use of the
logical stresses associated with the basic training remaining vaccine until supplies were completely de-
environment. pleted in 1999.

Adenovirus infections have been a special threat to From 1996 through 1999, adenovirus vaccine was
recruits, with outbreaks of adenovirus infection doc- conserved by vaccinating recruits only during the win-
umented as interrupting training schedules as early as ter months and during periods associated with high
the 1950s [3-61. The development of vaccines against trmnh n uigprosascae ihhg

rates of respiratory illness. During these times, several

outbreaks of adenovirus illness were well documented
in military basic training centers [8-111. All services
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METHODS ber and peaking in late October. During the week of 27 October,
the overall rate of respiratory illness reached 52 cases per 1000

Surveillance established by the Naval Health Research Center recruits per week, with 575 new cases seen among 11,047 re-
allowed for the weekly tracking of respiratory illness rates at
the Navy Recruit Training Command in Great Lakes, Illinois cruits in training. Febrile illness rates Were lower but mirrored[14] Prvenivemedcin prfessonas tackd nw vsit to the rates of overall illness, reaching a peak of nearly 15 cases[14 ]. P rev en tive m ed icin e p ro fessio n als track ed n ew visits to p e 10 0 r c u t p r w ek d n v us a ci , w h h w s n othe recruit medical clinic each week; total cases of respiratory per 1000 recruits per week. Adenovirus vaccine, which was not
illness and febrile (oral temperature, ta38°C) respiratory illness in use at the site in the summer and early fall, was reintroduced

in the recruit population beginning in the last week of October.were counted. Patients with febrile respiratory illnesses wereoffered viralntes.Patiengs uinthroa sabre rspecimatolenss were sOral vaccines against serotypes 7 and 3 were given to all recruitsoffered viral testing using throat swab specimens that were sent

to the Naval Health Research Center Respiratory Disease Lab- on site and to new recruits immediately after arrival. There was

oratory in San Diego, California. a strong temporal association between vaccine use and declining

At the Naval Health Research Center, each throat swab spec- rates of febrile respiratory illness and total respiratory illness

imen was cultured for adenovýirus by inoculation into a pair (figure 1).

of A-549 seeded shell vials. The presence of adenovirus was More than 800 patients with febrile respiratory illnesses had

confirmed by the observation of cytopathic effects and sub- throat swab specimens sent to the Naval Health Research Center
sequent staining with fluorescein-labeled monoclonal antibody. for adenovirus testing during the outbreak period. Of these
Adenovirus specimens were serotyped, with use of type-specific patients, 541 were identified as positive for adenovirus by cul-
hyperimmune rabbit serum samples, to the prototype adeno- ture. The percentage of specimens that tested positive for ad-
viruses 1-5, 7, and 21. Laboratory procedures and confirmation enovirus varied weekly, reaching a peak of 91% in mid-October.
of serotyping are described in detail elsewhere [11, 15]. Serotyping of adenovirus specimens revealed 378 cases of se-

General demographic and medical history data were obtained rotype 7, there were 132 cases of serotype 3, and 31 cases that
from a questionnaire given to all navy recruits at the time of were other types or were not typed. The relative proportion of
entrance into basic training [161. Clinical medical records were the rate of adenovirus illness represented by different serotypes
reviewed for cases of confirmed adenovirus infection. Data on is shown in figure 1. Serotype 3 illness appeared early during
oral temperature, presence of respiratory symptoms, duration the outbreak, but the number of cases began to decline before
of symptoms, and time lost from training were extracted by a serotype 7 illness rates peaked in late October. Rates of all illness
medical provider. declined sharply after reintroduction of the adenovirus vaccine.

A multivariate polychotomous regression model was devel- Medical records of 116 patients with confirmed cases of ill-
oped to describe factors associated with adenovirus infections. ness due to adenoviruses documented the following symptoms
The outcome variable was categorized as serotype 7 adenovirus at initial presentation: nasal congestion (96%), sore throat
illness, serotype 3 adenovirus illness, or no illness. Independent (71%), cough (68%), and nausea, vomiting, or diarrhea (46%).
variables in the model included age, sex, race/ethnicity, home All case patients were febrile, as per the febrile respiratoryillness
state, history of prior medical problems (asthma, chronic case patient w e a the febrlem res illnescase definition, and the average oral temperature was 38.9°C
cough, frequent colds, and ear, nose, or throat disorders), his- (range, 37.9-40.8°C). The clinical diagnoses given to case pa-
tory of tobacco and alcohol use before enlistment, and receipt
of adenovirus vaccine at the time of entrance into the service. tients at presentation included viral syndrome (46%), sinusitis

Colinearity diagnostics were done to assess confounding be- (21%), bronchitis (18%), and pharyngitis (14%). More than

tween independent variables. Manual stepwise backward re- half of the patients received antibiotics at some point in their

gressions were done to develop the final model that contained illness. No differences were seen in the clinical presentations

variables significantly associated with adenovirus infection of case patients with illnesses due to adenovirus serotype 7 and

(co < .05). SAS software (SAS Institute) was used for the sta- those with illnesses due to serotype 3.

tistical analyses. The research, performed under institutional On average, recruits experienced the onset of adenovirus
review board-approved protocol 31230, was conducted in com- illness after 40 days of training (range, 14-74 days). On the
pliance with all applicable Federal Regulations governing the basis of review of case patients' medical records, the average
protection of human subject in research. duration of symptoms was 10 days (range, 7-21 days). Recruits

lost an average of 3 training days because of fever and respi-

RESULTS ratory symptoms (range, 1-15 days lost). Two recruits were
hospitalized for >7 days for supportive care. It was not possible

More than 27,000 young adults began navy basic training be- to quantify the number of recruits set back in their training
tween August and December 1997. An outbreak of respiratory schedule, or "recycled," and unable to graduate on time. On
illness was observed among recruits beginning in mid-Septem- the basis of training policies, however, it was estimated that
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Figure 1. During the outbreak period, rates of febrile respiratory illness (FRI) and adenovirus respiratory illness with relative contributions of

adenovirus serotypes, shown as the number of cases per 1000 recruits per week. Dates are given as day-month-year.

>200 recruits with adenovirus illness were recycled during this training command. It also shows that adenovirus vaccine re-
outbreak mained highly effective in interrupting a disease outbreak.

Factors associated with the development of adenovirus ill- Adenovirus serotype 7 was the predominant pathogen iden-
ness, as determined from multivariate regression analysis, are tified in this outbreak. Illness due to type 7 has been extensively
shown in table 1. Unvaccinated recruits were >17 times as likely described in the medical literature, especially among pediatric
as vaccinated recruits to have a verified case of adenovirus populations [23-29]. This pathogen has sometimes been as-
serotype 3 or serotype 7 infection. Recruits with a home state sociated witlk severe morbidity and mortality, with subtypes 7b
of New Mexico or Kansas were more likely to have serotype 3 and 7h appearing to be especially challenging [30, 31]. A newly
infection. Recruits with a home state of Kansas, Tennessee, or described genome type, 7d2 [32], has been associated with
Florida were more likely to have serotype 7 infection. A history marked morbidity in recent outbreaks in the Chicago area [33],
of not smoking before enlistment was associated with serotype and it appears to be the same genetic variant responsible for
3 illness but not with serotype 7 illness. The following factors this outbreak in military recruits [34]. Attenuated type 7 ad-
were included in the model but were not significantly associated enovirus was considered a valuable addition to the military
with illness in the regression analysis: age, sex, race/ethnicity, vaccine regime during early vaccine development in the 1960s
past medical history, and alcohol use before enlistment. [35-38]. It is notable that the vaccine strain (7a) remained

effective in arresting the outbreak described here.

DISCUSSION Adenovirus serotype 3 illness appeared concomitantly with
type 7 illness in this outbreak, albeit with much lower rates.

In the prevaccine era, adenovirus illness affected up to 10% of Type 3 pathogens have been described less extensively in the

military recruits, causing as much as 70% of all cases of res- medical literature but have also been associated with severe
piratory disease and 90% of pneumonia cases [3-6, 17, 18]. illness [39-41]. The co-occurrence of type 3 disease with type

The development of live, enteric-coated oral vaccines against 7 disease has been reported in other populations [42]. In this
illnesses due to adenovirus serotypes 4 and 7 was associated outbreak, type 3 illness rates may have peaked and begun a
with a 50/"60% reduction in overall respiratory illness and a natural decline before reintroduction of vaccines, but rates con-
95%-99% reduction in adenovirus-specific illness rates in re- tinued to decrease dramatically after vaccination was restarted.
cruits [19-21]. Of importance, vaccination was also effective Although serotype 7 vaccine should not prevent serotype 3
in interrupting adenovirus illness outbreaks [221. After nearly illness, and although antiserum samples generally are not cross-
25 years of administering adenovirus vaccines to new recruits, reactive, some antigenic similarity between serotype 3 and se-
the US military could no longer obtain vaccine after 1995 [7]. rotype 7 pathogens has been suggested [43], and it could explain
This report demonstrates the dramatic effect of adenovirus vac- this observation.
cine loss during a 6-month period at the Navy's only recruit The clinical presentation of adenovirus illness during this
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Table 1. Results of polychotomous logistic regression analysis comparing patients with illness due
to adenovirus serotype 3 (n = 132) or serotype 7 (n = 378) with recruits without documented febrile
respiratory illness (n = 26,799).

Adenovirus serotype 3 infection Adenovirus serotype 7 infectiona

Risk factor n Patients, no. (%) OR (95% CI) Patients, no. (%) OR (95% Cl)

Vaccination status

Unvaccinated 17,903 129 (0.7) 18.9 (6.0-59.5) 365 (2.0) 17.2 (9.4-31.5)
Vaccinatedb 9404 3 (0.03) 1.0 11 (0.1) 1.0

Home state
New Mexico 223 4 (1.8) 4.6 (1.7-12.6) 1 (0.5) NS
Kansas 227 3 (1.3) 3.2 (1.0-10.2) 8 (3.5) 3.0 (1.5-6.2)
Tennessee 489 1 (0.2) NS 13 (2.7) 2.0 (1.2-3.5)
Florida 1542 12 (0-8) NS 31 (2.0) 1.6 (1.1-2.3)

All other statesb 24,826 112 (0.5) 1.0 323 (1.3) 1.0

Smoking status
Nonsmoker 22,549 128 (0.6) 3.4 (1.3-9.3) 345 (1.5) NS
Smokerb 4758 4 (0.08). 1.0 31 (0.7) 1.0

NOTE. NS, not statistically significant: P>.05 and 95% Cl includes 1.0.
a A total of 376 cases of serotype 7 illness are shown because 2 case patients had incomplete demographic data that

excluded them from multivariate analysis.
b Referent group.

outbreak was similar to that described in reports from other quently, some clustering according to demographic variables
military settings [8-10, 44, 45]. In contrast to adenovirus se- cannot be ruled out as a reason for these findings.
rotype 4 illnesses, however, nearly half of the patients with The association seen between not smoking and type 3 ad-
serotype 7 or serotype 3 illness in this outbreak experienced enovirus illness deserves some further consideration. This find-
gastrointestinal symptoms, as has been seen in some pediatric ing may appear counterintuitive, especially because past studies
populations [46]. Morbidity and lost time from training ap- have shown that active smoking among military trainees and
peared to be related to the high fevers experienced by recruits. other young adults is a risk factor for viral illness [47-51].
It was notable that patients with type 3 and type 7 illnesses Current military basic training commands are tobacco-free en-
were indistinguishable from each other in terms of their clinical vironments, so any risk associated with active smoking should
presentations, as assessed by medical record review, be diminished. The observed "protective" effect of smoking

Risk factors associated with adenovirus illness could be very might be the result of more frequent adenovirus infec-
thoroughly explored in the controlled environment of military tions-and the subsequent development of natural immu-
training, in which demographic and health histories were avail- nity--experienced by smokers before enlistment. Alternatively,
able for the entire cohort of recruits [16]. Multivariate regres- smokers may be more likely to harbor latent adenovirus in-
sion modeling allowed for the examination of several variables fections after exposure [52], diminishing the appearance of
that previously have not been described as being associated acute illness but predisposing them to chronic disease [53].
with adenovirus illness. Clearly, vaccine status was the factor Finally, as with the geographic associations seen, undetected
most strongly associated with development of illness. Although clustering of recruits on the basis of past smoking history might
this factor was controlled for in the multivariate model, it was also confound interpretation of this finding.
also interesting to see the moderate associations with recruits' In reviewing all risk factors for adenovirus illness, perhaps
home states. Originating from Kansas was associated with ill- the most important finding in this large analysis was the lack
ness due to both serotype 3 and serotype 7. These findings may of association between disease and most demographic factors.
imply fewer circulating serotype 3 or 7 adenoviruses among Recruits appeared to be equally vulnerable to infection, re-
pediatric populations in some states. An alternative explanation gardless of age, sex, or race/ethnicity. Past serological studies
is that recruits from certain states were clustered together in have also shown widespread susceptibility among new recruits,
the basic training center, which exposed them to different risks with >70% lacking antibodies to serotype 7 adenovirus at the
of infection. Although recruits appeared to be randomly as- time of enlistment [54]. Although some military vaccine pro-
signed to training units, and although all units mixed fre- grams had focused only on male recruits in the past [7], it
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would appear appropriate for future adenovirus control efforts 9. Hendrix RM, Lindner JL, Benton FR, et al. Large, persistent epidemic
of adenovirus type 4-associated acute respiratory disease in US Armyto encompass the entire training community. trainees. Emerg Infect Dis 1999; 5:798-801.

Above all, the outbreak described in the present study un- 10. Coldren RL, Feighner B, DuVernoy T, et al. Adenovirus type 4 outbreak

derscores the value of adenovirus vaccine in preventing res- among basic trainees, Ft. Benning, Georgia, April-May 2000. US Army

Sillness in this population. Both the epidemic curve and Medical Surveillance Monthly Report 2000; 6:2-7. Available at: http:/
/www.arnsa.army.mil/lMsmr/2000/vO6_nO6.pdf.

the multivariate analysis demonstrated the significant beneficial 11. Gray GC, Goswami PR, Malasig MD, et al. Adult adenovirus infections.
effect of vaccination. Although the severe morbidity and mor- Loss of orphaned vaccines precipitates military respiratory disease ep-
tality that are possible with adenovirus infection [55-57] were idemics. CGin Infect Dis 2000;31:663-70.

12. Feikin DR, Moroney JF, Talkington DF, et al. An outbreak of acute
not observed, the outbreak challenged existing medical and respiratory disease caused by Mycoplasma pneumoniae and adenovirus
training resources to a degree not commonly seen in the era at a federal service training academy. new implications from an old
of vaccine use. Previous cost-benefit and cost-effectiveness anal- scenario. Clin Infect Dis 1999; 29:1545-50.,

13. McNeill KM, Benton FR, Monteith SC, et al. Epidemic spread of ad-yses have also supported the value of adenovirus vaccine, even enovirus type 4-associated acute respiratory disease between US Army
in the absence of severe outcomes [58-60]. installations. Emerg Infect Dis 2000; 6:415-9.

In the civilian sector, adenovirus is sometimes considered a 14. Ryan M, Gray G, Hawksworth A, et al. The Naval Health Research
pryfor very young, hospitalized, or immunocom- Center Respiratory Disease Laboratory. Mil Med 2000; 165(Suppl 2):

S32-4.

promised populations [61-63]. However, adenoviruspathogens 15. Crawford-Miksza LK, Schnurr DR Quantitative colorimetric micro-
appear to be almost ubiquitous when testing for viruses is done neutralization assay for characterization of adenoviruses. I Clin Mi-
on otherwise healthy children with respiratory illness [64-66]. crobiol 1994;32:2331-4.

adult populations outside of the military have also been 16. Mittelman M, Bayer J, Plunkett S. Total Navy recruit health: making
Young aour sailors fit for the fleet. Mil Med 1998; 163:98-101.
severely affected by adenovirus [67-71]. Vaccination against 17. Hilleman M, Gauld R, ButlerR. Appraisal of occurrence of adenovirus-
adenovirus was proposed in the past as a public health inter- caused respiratory illness in military populations. Am J Hyg 1957; 66:

29-41.vention for civilians [66, 72, 73], and the military might be 18. Top FH Jr. Control of adenovirus acute respiratory disease in US Army

well advised to partner with the civilian sector in its attempts trainees. Yale J Biol Med 1975; 48:185-95.
to reestablish the development and production of adenovirus 19. Griffin JP, Greenberg BH. Live and inactivated adenovirus vaccines.

Clinical evaluation of efficacy in prevention of acute respiratory disease.
vaccines. Until vaccine programs are reinstated, preventable Ac nenMd17;15916Arch Intern Med 1970; 125:981-6.
disease outbreaks, such as this one, will continue to occur. 20. Top FH Jr, Dudding BA, Russell PK, et al. Control of respiratory disease

in recruits with types 4 and 7 adenovirus vaccines. Am J Epidemiol
1971; 94:142-6.
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